Monitoring Experiment (GOME) instrument conducted in the austral and boreal winter stratospheres from 1995 through 1999 are presented, GOME is a four-channel UV/visible spectrometer (240-790 nm) deployed on the polar orbiting European ERS-2 satellite since April 1995. Previous studies have shown that the observations of OC10, the symmetric chlorine dioxide formed in a side channel of the reaction of BrO + CIO, can serve as an indicator for a stratospheric chlorine activation. GOME's 3-day coverage of the global atmosphere allows us to infer the first global data set of OC10, and to study continuous time series of its occurrence in both winter stratospheres. It is found that, while OC10 regularly occurs over Antarctica in similar amounts and seasonal timing during the different winters, its occurrence is much more variable in the Arctic winter stratosphere, primarily because of the larger dynamic activity that result in warmer temperatures there. About 40% higher OC10 column amounts are found in the Antarctic polar stratosphere than in its northern counterpart, a further indication for a significantly more efficient chlorine activation in the Antarctic than the Arctic late winter and spring stratosphere.
Introduction
Already 1 year after the discovery of the ozone hole by Farman et al. [1985] [see also Chubachi, 1984] , it turned out that chlorine atoms released from man-made CFCs are responsible for the dramatic ozone destruction observed since the early 1980s over Antarctica during late winter and spring. Solomon et al.
[1986] suggested a fundamental mechanism for ozone destruction there, which involved as a primary cause an activation of stratospheric inorganic chlorine, that is the conversion of ozone-inert HC1 and C1ONO2 into ozone-destroying chlorine oxides (C!O, C1202), due to heterogeneous reactions taking place on polar stratospheric clouds (PSCs) that form under the low stratospheric temperatures prevailing during polar night. The massive formation of these chlorine oxides then promotes a rapid catalytic ozone destruction when the sun rises in late winter and spring (reviews of the historical research progress are given by Solomon [1988, 1990, 1999] 
--> BrC1 + 02 (=10%).
Further possible formation pathways including the reaction of CIO and C10 [MoIina and Molina, 1987] or the reaction of C10 and NO3 [Tuomi, 1994] 
shown by Schiller et al. [1996] that OC10 can therefore serve as an indicator for the amount of stratospheric C10, that is, the chlorine activation for solar zenith angle (SZA) < 92 [see also Solomon et al., 1987a ].
The Global Ozone Monitoring Experiment (GOME) launched aboard the European research satellite ERS-2 in April 1995 allows us to monitor OC10 with a daily coverage near the poles (though 3 days are needed to observe all longitudes at the equator). The GOME instrument consists of four UV/vis spectrometers (from 240 to 790 nm) operated with moderate spectral resolution (full width at half maximum (FWHM): 0.2 to 0.4 nm). GOME's OCIO observations provide many advantages compared to previous OC10 measurements, mainly because OC10 (and some other gases) are monitored with a global coverage at moderate spatial (ground pixel size 320 km east/west by 40 km north/south), and temporal (! to 3 days) resolution. Thus GOME's OC10 observations may contribute new information to tackle some still open, issues regarding the stratospheric ozone chemistry, particularly in the highly variable Arctic stratosphere. In detail, the following aspects can be addressed by using a single instrument that allows to monitor and to compare the chemistry occurring in the austral and boreal polar stratosphere in late winter and spring: The paper is organized as follows. In chapter 2 a brief overview on the GOME instrument and the employed spectral retrieval method is given. In chapter 3 the results are presented, and some instrumental, and atmospheric process-related measurement effects are discussed. In chapter 4 we discuss our findings with respect to the seasonal timing, the spatial distribution, and the temperature dependence for OC10 formation, and finally chapter 5 concludes our findings. -
GOME Instrument and Data Evaluation
The GOME instrument is one of several instruments aboard the From the raw spectra monitored by GOME, the slant column density (SCD) (the integrated trace gas concentration along the light path) is determined using the differential optical absorption spectroscopy (DOAS) [Platt, 1994] . In brief, the measured spectra are modeled with a non linear fitting routine [Stutz and Platt, 1996 ] that suitably weights the absorption spectra of atmospheric trace gases (for the GOME OCIO analysis the spectra for OC10, NO2, and 04 were included) and a solar background spectrum, 2. For a stronger PSC extinction (>0.004) the skylight that originates from altitudes where the PSC and the OC10 profiles overlap resides is strongly attenuated. Therefore, some OCIO absorption is missed in the measured skylight spectrum, causing a decrease of the AMF compared to the non-PSC case. As a result, dense PSC may slightly decrease the amount of detected OCIO.
However, considering the absolute magnitude of the effect (2%) our observations provide a further hint for a negligible influence of PSCs on the AMF of GOME's OC10 measurement. During the period lasting from mid-July to mid-September, the most probable heights where PSCs appear were observed to change from the range 15 to 24 km to significantly lower altitudes (10-15 kin) [ Even for that period a strong influence of PSCs on the inferred GOME OC10 is generally not observed.
Sensitivity of the OCIO SCDs on the Temperature
Dependence of Reaction (1)
The mid winter stratospheric temperatures in both hemispheres also systematically differ with the lower temperatures occurring 
Observations
We present here results of GOME's OC10 observations for both hemispheres and all winters until 1999 since the ERS-2 satellite was launched (mid 1995) [ESA, 1995] . The data inferred for the Arctic range from October through April, and those for the Antarctic from April through October. The following both winters (1997/1998 and 1998/1999) were significantly warmer than the preceding two winters. Accordingly, lower OC10 SCDs and more sporadic chlorine activation than in both preceding winters were observed. In winter !997/1998, however, the chlorine activation took place until early March.
The stratospheric temperatures in winter 1998/1999 were amongst the highest observed so far [Naujokat, 2000] 6. Conclusions GOME spectra were analyzed with respect to OC10 absorptions for the period from 1995 to 1999 in both hemispheres. Thus it was in particular possible to study the spatial and temporal evolution of the stratospheric chlorine activation during polar winter/spring. From our evaluations we draw the following conclusions:
1. Large differences in the OC10 SCDs were found between Arctic winters. In 1995/!996 and 1996/1997 enhanced OC10 SCDs were continuously observed during several months; in the two following winters, enhanced OC10 SCDs occurred only sporadically and were smaller than in the two first winters.
2. The duration of the chlorine activation in the Arctic was found in the range from a few days to about 3 months and thus at least 1 month shorter than in the southern hemisphere.
3. In the southern hemisphere the temporal evolution and the magnitude of the OC10 SCDs are very similar for all winters. 8. From the GOME observations during several southern polar ' winters, no significant trend in the strength of the stratospheric chlorine activation was found for the period from 1995 to 1999 supporting the expectation that the stratospheric chlorine load should peak during the late 1990s as a consequence of the emission reduction of CFCs due to the Montreal protocol and its amendments and adjustments [WMO, 1999] . Finally, we note that almost real-time GOME data of 03, NO2, OC10, and BrO for the northern polar region can be obtained at http ://w ww. iup.physik. urd-bremen. de/go m enrt2000/index. html.
